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BACKGROUND OF THE INVENTION 
1 - Field of the Invention 

The invention relates to a method for continuous 
casting of barS;. billets, slabs, in particular, thin slabs, 
in dimensional ranges of approximately 20 to 150 mm 
thickness and approximately 600 mm to 3,500 mm width, by 
means of an oscillating, water-cooled casting mold in 
cooperation with a submerged-entry nozzle with use of 
casting powder for forming casting cinder. The invention 
relates also to a device for performing the method. 

2 , Description of the Related Art 

Methods and devices for continuous casting, in 
particular, of thin slab, are known and have been 
continuously improved during the course of the past 
developmental periods . 

For example, it is known that, as a result of very 
different thermal conductivities of the different media 
interacting during continuous casting and the thus resulting 
resistances against thermal conduction and heat 
transmission, the formation of a strand skin of a continuous 
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cast strand presently being formed and especially its 
surface properties are variable within relatively wide 
limits. In particular, during thermal contact between the 
molten bath and the casting mold wall the thickness of the 
liquid cinder or slag of melted casting powder plays an 
important role because of its extremely minimal specific 
conductivity of approximately 1 W/K x m because it presents 
a significant resistance for the heat transmission between 
the melt and the casting mold plates. In contrast to the 
liquid slag, copper has an extremely high thermal 
conductivity of approximately 360 W/K x m. 

As a result of the different individual resistance 
values of the thermal conductivity between copper, slag, and 
steel, different heat flux densities result within the 
casting mold plates which have a considerable effect on the 
solidification behavior of a strand to be cast. 

The prior art published in connection with this problem 
includes, for example, documents DE 41 17 073 C2, DE 195 29 
931 Al, and DE 198 10 672 Al . 

In DE 41 17 073 C2 the temperature recordings of four 
water-cooled casting mold plates as integral values of each 
individual plate are measured and evaluated. No partial 
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measured values across the casting mold width are 
determined, and, in principle, the water quantity for 
cooling is not changed. 

In DE 195 29 931 Al a slab casting mold is described 
which is comprised of at least three independent cooling 
chamber segments which have separate connectors for an 
independent supply of casting mold cooling water in the area 
of the casting mold outlet. This arrangement is designed to 
detect asymmetries of the specific heat flux between the 
area of the submerged-entry nozzle and the remaining casting 
mold areas and to compensate them by conicality adjustment 
of the narrow sides of the casting mold and by cooling water 
regulation. 

DE 198 10 672 Al describes a method for measuring and 
controlling temperature and amount of the cooling water of a 
continuous casting mold per time unit flowing through water- 
coolable casting mold walls of copper plates, in particular, 
mold walls that are independent from one another. The 
invention resides in that the cooling water temperature of a 
casting mold wall is measured at least at two locations in 
the area of the outflow openings of a copper plate and the 
correlated water box and, based on the values measured 
across the width of the copper plate, a temperature profile 
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is produced and the temperature profiles obtained in time 
intervals are compared with one another. In this 
connection, the inflow temperature of the cooling water is 
measured, the difference of the inflow and outflow 
temperatures is determined, and, based on the cooling water 
amount per time unit, the partial integral heat transfer 
from a casting mold wall or a casting band area is 
determined, and partial inequalities are compensated by 
partial quantity corrections of the cooling water. The 
liquid-cooled casting mold for performing the method is 
designed such that in the water outflow area between a 
copper plate and the cooling water outflow opening of the 
water box, temperature sensors are arranged, in particular, 
at least at two locations per wide side plate, and their 
signal lines are connected to a computer, preferably 
provided with an online monitor . 
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SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a 
method and a device for continuous casting of bars, billets, 
slabs, in particular, thin slabs, which are suitable to 
measure local temperatures and/or heat flux densities along 
the height of the casting mold walls and at several 
locations of its width extension and, based on this, to 
calculate the temperature load of the casting mold walls in 
contact with the melt, preferably in the meniscus area. By 
means of the measured values the operating parameters such 
as cooling water amount, casting speed, and casting powder 
are to be controlled such that at a preferred working 
temperature of the casting mold walls in the meniscus area 
an optimal surface formation of the slabs is made possible 
together with an availability of the casting mold as long as 
possible . 

In accordance with the present invention, this is 
achieved with respect to the method in that the local 
temperatures and heat flux densities are measured in the 
meniscus area, which is critical for the surface quality of 
a slab, and that the working temperatures of the casting 
mold plates in the meniscus area are maintained within a 
predetermined temperature range (AT) by adjustment of the 
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operating parameters decisive therefor, such as the amount 
or throughput speed of the cooling water through the casting 
mold, casting speed, and casting powder to be used. 

Accordingly, the temperature course along the height of 
the casting mold plates is determined and, based on this 
course, the maximum temperatures and thus the location of 
the meniscus area of the melt in the casting mold are 
determined. When the optimal heat flux density is known, it 
is possible to improve the surface quality of the products 
produced in the continuous casting process, especially for 
thin slabs. 

One embodiment of the method suggests that the working 
temperatures of the casting mold plates are measured by 
thermoelements arranged at a defined spacing and within a 
height level (Yi i = 1 to n) above and below the bath level 
(M) , respectively. 

In a further embodiment of the method according to the 
invention, it is proposed that the thermoelements are 
arranged at different depths (X^, X2) of the wall of the 
casting mold and that, based on the temperature difference 
of at least two thermoelements positioned approximately at 
the same height area (Yi, e.g., yi, ys) ^ the corresponding 
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local heat flux density is calculated. 

The thus determined results in regard to the course of 
the heat flux density make it possible to correct online 
deviations from a predetermined course with the accordingly 
provided operational parameters. 

Moreover^ an embodiment of the method according to the 
invention proposes that, by determining the temperature 
course or heat flux course along the height of a wall of the 
casting mold, the maximum temperature course of the wall 
surface in contact with the melt is determined by means of 
approximation functions. According to a further development 
of the method it is suggested that, when detecting a heat 
flux density change at the height (y) of the casting mold 
as a result of two-dimensional heat distribution in the bath 
level area (M) , the position of the bath level (M) is 
determined online by employing an assumed heat flux density 
course at one surface of the casting mold and the known heat 
flux density in the depth (x) of a casting mold wall. 

Finally, a further embodiment of the method according 
to the invention suggests that the best suited casting mold 
thermal load for an optimal slab surface formation is 
controlled by adjusting the cooling water quantity and/or 
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the casting speed and/or the casting powder, when the 
optimal heat flux density or the maximum surface temperature 
of the casting mold is known. 

A device according to the invention, provided for 
performing the method according to the invention of 
measuring local temperatures and/or heat flux densities on a 
water-cooled casting mold during continuous casting of bars, 
billets, slabs, in particular, thin slabs, is defined in 
that thermoelements are embedded in a paired arrangement in 
the wide lateral sidewalls of the casting mold in an area 
above and below the bath level and with approximately 
identical spacing from its contact surface with the melted 
liquid metal. The thermoelements are connected via signal 
lines with a computer unit which, based on the measured 
temperature or heat flux density, calculates the surface 
temperature of the casting mold in the meniscus area and, 
for controlling a preferred working temperature of the 
casting mold wall within a predetermined temperature range 
(AT) , adjusts the operating parameters cooling water 
quantity, casting speed, as well as casting powder. 
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BRIEF DESCRIPTION OF THE DRAWING 



In the drawing: 

Fig. 1 shows a temperature profile or a heat flux 
course along the height (y) of a casting mold wall as well 
as in at least two spaced areas (Xi, X2) of the casting mold 
wall spaced from the melt bath (M) . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The temperature profile or heat flux course along the 
height (y) of a continuous casting wall as well as in at 
least two spaced areas (x^, X2) of the casting mold wall 
spaced from the melt bath (M) is illustrated in Fig. 1. The 
course of the curve shown in solid line (yi, y^, ys/ Yif Y9f 
Yii ) shows a definite temperature maximum (Tj^^^j,) in the area 
of a predetermined temperature range (AT) . The measuring 
points {Y2r YAf Yer Ysr Yior Y12 ) r posltloned farther into the 
interior of the casting mold wall, show a similar curve with 
temperature maximum (T^^^) in the meniscus area (M) . Based 
on the measured temperature profiles the temperature profile 
of the casting mold surface is calculated. 

The temperature curves can be recorded online and shown 
on a display by means of an electronic measuring device. 
They can be used to keep the temperature constant in the 
predetermined temperature window (AT) by automatic control 
of the decisive operating parameters in order to achieve an 
optimal surface formation, for example, in the case of a 
thin slab. 

While specific embodiments of the invention have been 
shown and described in detail to illustrate the inventive 
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principles,^ it will be understood that the invention may 
embodied otherwise without departing from such principle 
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What is claimed is: 



1. A method for continuous casting bars, billet, and 
slabs from a melt in dimensional ranges of approximately 20 
to 150 mm thickness and approximately 600 to 3500 mm width 
by means of an oscillating, water-cooled casting mold in 
cooperation with a submerged-entry nozzle, employing casting 
powder for formation of casting slag, the method comprising 
the steps of: 

measuring local temperatures and local heat flux 
densities of a casting mold in a meniscus area of the melt 
critical for the surface quality of a slab; and 

maintaining working temperatures of the casting 
mold plates in the meniscus area by adjusting the operating 
parameters important for the working temperature within a 
predetermined temperature range (AT) . 

2. The method according to claim 1, wherein the 
operating parameters are selected from the group consisting 
of the quantity of the cooling water, the throughput speed 
of the cooling water through the casting mold, the casting 
speed, and the casting powder to be used. 



3. The method according to claim 1, wherein the slab 
is a thin slab. 
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4. The method according to claim 1, further 
comprising the step of arranging thermoelements in the 
casting mold plates at a defined spacing from one another 
and within a height range above and below the bath level;, 
respectively^, for determining the working temperatures of 
the casting mold plates. 

5. The method according to claim 4, wherein the 
thermoelements are arranged at different depths in the 
casting mold wall and wherein, based on a temperature 
difference of at least two of the thermoelements positioned 
substantially at the same height, the corresponding local 
heat flux density is calculated. 

6. The method according to claim 1, further 
comprising the step of calculating a maximum temperature 
course of the wall surface in contact with the melt by means 
of approximation functions, based on a determination of the 
course of the local temperatures or the heat flux along a 
height of the casting mold wall, 

7. The method according to claim 6, wherein, when a 
change of the heat flux density is determined along the 
height of the casting mold wall as a result of two- 
dimensional heat transfer in the area of the bath level (M) , 
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the position of the bath level (M) is determined based on an 
assumed heat density course in a casting mold surface and 
the known heat flux density in the depth (x) of a casting 
mold wall. 

8. The method according to claim 1, further 
comprising the step of controlling, when knowing the optimal 
current density or the maximum surface temperature, the best 
suited casting mold load for an optimal slab surface 
formation by adjusting at least one of the operating 
parameters selected from the group consisting of cooling 
water quantity and casting speed and casting powder. 

9. A device for determining at least one of local 
temperatures and heat flux densities in a water-cooled 
continuous casting mold during continuous casting of bars, 
billets, and slabs, for performing the method according to 
claim 1, the device comprising: 

thermoelements arranged in a paired arrangement in 
wide lateral sidewalls of the casting mold in an area above 
and below a bath level and with approximately identical 
spacing from the contact surface of the casting mold wall 
with the melted liquid metal; 

a computer; 

the thermoelements connected via signal lines to 
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the computer; 

the computer being configured to calculate, based 
on measured temperatures or heat flux density, a surface 
temperature of the casting mold wall in the meniscus area; 

the computer being configured to control a 
preferred working temperature of the casting mold wall 
within a predetermined temperature range (AT) by adjusting 
the operating parameters selected from the group consisting 
of cooling water quantity, casting speed, and casting 
powder. 



16 



ABSTRACT OF THE DISCLOSURE 



In a method for continuous casting bars, billets, and 
slabs from a melt in dimensional ranges of approximately 20 
to 150 mm thickness and approximately 600 to 3500 mm width 
by means of an oscillating, water-cooled casting mold in 
cooperation with a submerged-entry nozzle and by employing 
casting powder for formation of casting slag, local 
temperatures and local heat flux densities of a casting mold 
wall in a meniscus area of the melt critical for the surface 
quality of a slab are measured. The working temperature of 
the casting mold wall in the meniscus area is maintained by 
adjusting the operating parameters important for the working 
temperature within a predetermined temperature range (AT) . 
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Declaration and Power of Attorney for Patent Application 
Erklarung fiir Patentamneldungen mit Vollmacht 
German Language Declaration 



Als nachstehend benamter Erfinder erklare ich 
hiermit an Eides Statt : 

da£ mein Wohnsitz, meine Postanschrif t , und 
meine St aat sangehorigkei t den im 
Nachstehenden nach meinem Namen aufgefiihrten 
Angaben entsprechen, 

daE ich, nach bestem Wissen der 
urspriingliche, erste und alleinige Erfinder 
(falls nachstehend nur ein Name angegeben 
ist) oder ein ursprxinglicher , erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefiihrt sind) des Gegenstandes bin, fur 
den dieser Antrag gestellt wird and fiir den 
ein Patent beantragt wird fiir die Erfindung 
mit dem Titel : 



VERFAHREN ZUM STRANGGIESEN VON BRAMMEM, 
INSBESONDERE VON DUNNBRAMMEN, SOWIE EINE 
VORRICHTUNG ZU DESSEN DURCHFUHRUNG 



^Ji:3eren Beschreibung 

'^^'^ (Zutref f endes ankreuzen) 



y[x] 
TL ] 



hier beigef iigt ist . 



am 



unter der 



Anmel dungs seriennummer 
eingereicht wurde und am 



abgeandert 



wurde (falls tatsachlich abgeandert) . 



As a below named inventor, I hereby declare 
that : 

My residence, post office address and 
citizenship are stated below next to my name. 



I believe I am the original, first and sole 
inventor (if only one name is listed below) 
or an original, first and joint inventor (if 
plural names are listed below) of the subject 
matter which is claimed and for which a 
patent is sought on the invention entitled: 



METHOD FOR CONTINUOUS CASTING OF SLAB, 
IN PARTICULAR, THIN SLAB, AND A DEVICE 
FOR PERFORMING THE METHOD 



the specification of which (check one) 
[X] is attached hereto 

[ ] was filed on Application Serial No. 
and was amended on 
(if applicable) 



Jlch bestatige hiermit, daE ich den Inhalt der 
obigen Patentanmeldung einschliesslich der 
Anspriiche durchgesehen und verstanden habe, 
die eventuell duch einen Zusatzantrag, wie 
oben erwahnt, abgeandert wurde. 

Ich erkenne meine Pflicht zur Offenbarung 
irgendwelcher Inf ormationen, die fiir die 
Patentierbarkeit in Einklang mit Absatz 37, 
Bundesgesetzbuch, Paragraph 1.56(a) von 
Wichtigkeit sind, an. 

Ich beanspruche hiermit auslandische 
Prioritatsvorteile gemass Abschnitt 35 der 
Zivilprozessordnung der Vereinigten Staaten, 
Paragraph 119 aller unten angegebenen 
Auslandsanmeldungen fiir ein Patent order eine 
Erf indersurkunde, und habe auch alle 
Auslandsanmeldungen fiir ein Patent oder ein 
Erf indersurkunde nachstehend gekennzeichnet , 
die ein Anmeldedatum haben, das vor dem 
Anmeldedatum der Anmeldung liegt, fiir die 
Prioritat beansprucht wird. 



I hereby state that I have reviewed and 
understand the contents of the above- 
identified specification, including the 
claims, as amended by any amendment referred 
to above . 

I acknowledge the duty to disclose 
information which is material to 
patentability in accordance with Title 37, 
Code of Federal Regulations, §1.56 (a). 



I hereby claim foreign priority benefits 
under Title 35, United States Code, §119 of 
any foreign application (s) for patent or 
inventor's certificate listed below and have 
also identified below any foreign application 
for patent or inventor' s certificate having a 
filing date before that of the application on 
which priority is claimed. 
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Erfclarung mit Vollmacht (auf Deutsch) 



Declaration and Power of Attorney (in English) 



199 56 577.5 


Germanv/Deutschland 


Nov. 25, 1999/25. November 1999 


X 




(Number) 
(Numttier) 


(Country) 
(Land) 


(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 


Yes 
Ja 


No 

Nein 


(Number) 
(Nummer) 


(Country) 
(Land) 


(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 


Yes 
Ja 


No 

Nein 


(Number) 
(Nummer) 


(Country) 
(Land) 


(Day /Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 


Yes 
Ja 


No 

Nein 



Ich beanspruche hiermit gemass Absatz 35 der 
Zivilprozessordnung der Vereinigten Staaten, 
Pargraph 12 0, den Vorzug aller unten 
liauf gef uhrten Anmeldungen und falls der 
^Gegenstand aus jedem Anspruch dieser 
^.Anmeldung nicht in einer fruheren 
^amerikanischen Patentanmeldung laut dem 
^ersten Paragraphen des Absatzes 3 5 der 
Zivilprozessordnung der Vereinigten Staaten, 
Paragraph 112, offenbart ist, erkenne ich 
[gemass Absatz 37, Bundesgesetzbuch^ Paragraph 
^1.56 (a) meine Pflicht zur Offenbarung von 
sinf ormationen an^ die zwischen dem 
'Anmeldedatum der fruheren Anmeldung und dem 
nationalen oder internationalen Anmeldedatum 
"dieser Anmeldung bekannt sind. 



I hereby claim the benefit under Title 35, 
United States Code, §120 of any United States 
application (s) below and, insofar as the 
subject matter of each of the claims of this 
application is not disclosed in the prior 
United States application in the manner 
provided by the first paragraph of Title 35, 
United States Code, §112, I acknowledge the 
duty to disclose material information as 
defined in Title 37, Code of Federal 
Regulations, §1.56 (a) which occurred between 
the filing date of the prior application and 
the national or international filing date of 
this application. 



(Application Serial No.) (Filing Date) 
( Anme 1 de s e r i ennummer ) ( Anme 1 deda t urn ) 



(Status/ patentiert 
anhangig, aufgegeben) 



(Status/ patented, 
pending, abandoned) 



(Application Serial No.) (Filing Date) 
( Anme 1 de seri ennummer ) ( Anme 1 dedatum ) 



(Status/ patentiert 
anhangig, aufgegeben) 



(Status/ patented, 
pending, abandoned) 



Ich erklare hiermit, daS alle von mir in der 
vorliegenden Erklarung gemachten Angaben nach 
meinem besten Wissen und Gewissen der vollen 
Wahrheit entsprechen, und da£ ich diese 
eidesstattliche Erklarung in Kenntnis dessen 
abgebe, daS wissentlich und vorsatzlich 
falsche Angaben gemass Paragraph 1001, Absatz 
18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt 
und/oder Gefangnis bestraft werden konnen, 
und daS derartig wissentlich und vorsatzlich 
falsche Angaben die Giiltigkeit der 
vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made 
herein of my own knowledge are true and that 
all statements made on information and belief 
are believed to be true; and further that 
these statements were made with the knowledge 
that willful false statements and the like so 
made are punishable by fine or imprisonment, 
or both, under §1001 of Title 18 of the 
United States Code and that such willful 
false statements may jeopardize the validity 
of the application or any patent issued 
thereon . 
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Erklarung mit Vollmacht (au£ Deutsch) 



Declaration and Power of Attorney (in English) 



VERTRET0NGSVOLLMACHT : Als benannter Erfinder 
beauftrage ich hiermit den nachstehend 
benannten Patentanwalt (oder die nachstehend 
benannten Patentanwalte) und/oder Patent - 
Agenten mit der Verfolgung der vorliegenden 
Patentanmeldung sowie mit der Abwicklung 
aller damit verbundenen Geschaft vor dem 
Patent -und Warenzeichenamt : 



FRIEDRICH KUEFFNER, Reg. No. 29,482 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney (s) 
and/or agent (s) to prosecute this application 
and transact all business in the Patent and 
Trademark Office connected therewith: 



FRIEDRICH KUEFFNER, Reg. No. 2 9,4 82 



Telef ongesprache bitte richten an: 
(Name und Telef onnummer) 

Friedrich Kueffner 
: (212) 986-3114 



' Postanschrif t : 



Friedrich Kueffner 

342 Madison Avenue, Suite 1921 

New York, NY 10173 



Direct telephone calls to: 
(Name and telephone number) 

Friedrich Kueffner 
(212) 986-3114 



Send Correspondence to; 

Friedrich Kueffner 

342 Madison Avenue, Suite 1921 

New York, NY 10173 



"'Voller Name des einzigen oder urspriinglichen 
Erf inders : 

^Hans Streuhel 


Full name of first or sole inventor: 
Hans Streiibel 


Unterschrift des Erfinders Datum 
Erkrath, Deutschland 


Inventor's Signature Date 
Erkrath, Germanv 


Wohnsits 
Deutsch 


Residence 
German 


Staatsangehorigkeit 
Schliit erstraSe 3 0 


Citizenship 
Schliiterstrasse 30 


40699 Erkrath, Deutschland 


4 0699 Erkrath, Germanv 


Postanschrif t 


Post Office Address 
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Erklarung mit Vollmacht (auf Deutsch) 



Declaration and Power o£ Attorney (in English) 



Voller Name des zweiten Miterf inders : 
Uwe Plociennik 


Full name of second joint inventor: 
Uwe Plociennik 


Unterschrift des Erfinders Datum 
Ratinaen, Deutschland 


Inventor's Signature Date 
Rat inaen , Germanv 


Wohnsit z 
Deutsch 


Residence 
German 


Staatsangehorigkeit 
Noldenkothen 21 


Citizenship 
Noldenkothen 21 


='"-40882 Ratincren, Deutschland 


4 0882 Ratincren, Germanv 


Postanschrif t 


Post Office Address 
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